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(54) Rolling bearing unit with rotating speed sensor 



(57) Outer peripheral portions of magnetizing termi- 
nals 39a constituting a magnetizing apparatus 33a for 
magnetizing a permanent magnet 32, are made longer 
than inner peripheral portions. Coils 40 for magnetiza- 
tion are wound around the shorter length inner periph- 
eral portions. A distance L32 between the magnetizing 
terminals 39a and a step portion 37 of a support ring 34 
can thus be shortened, so that the axial length of the 
encoder 31a can be reduced. This results in reducing 
the axial length of an encoder 31 a to thereby miniaturize 
and lighten a speed sensing rolling bearing unit incorpo- 
rating the encoder 31a. 
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Description 

Field of the Invention 

[0001 ] The present invention relates to a rolling bear- 
ing unit fitted with a rotational speed sensor (referred to 
hereunder often as a speed sensing rolling bearing unit) 
used for supporting a wheel of a vehicle on a suspen- 
sion unit so as to be freely rotatable, and for sensing the 
rotational speed of the wheel. Moreover, the invention 
relates to improvements in a magnetizing apparatus 
used for making an encoder which is incorporated into 
the rotational speed sensing device. 

Description of the Background Art 

[0002] Heretofore there are various known construc- 
tions for a speed sensing rolling bearing unit for sup- 
porting a wheel of a vehicle on to a suspension unit so 
as to be freely rotatable, and for sensing the rotational 
speed of the wheel in order to control an anti-lock brak- 
ing system (ABS) or a traction control system (TCS). 
[0003] With all of the rotational speed sensing units 
incorporated into these speed sensing rolling bearing 
units, there is provided a tone wheel which rotates 
together with the wheel, and a sensor which outputs an 
output signal which changes at a frequency proportional 
to the rotational speed of the tone wheel. 
[0004] In U.S. Patent No. 5,200,697, special consider- 
ation to the side of sensor is not taken. 
[0005] The sensor disclosed in U.S. Patent No. 
5,293,124 has a shortage that the magnetic flux ema- 
nating from the north poles is inclined to leak from the 
core metal to the south pole resulting in inefficient mag- 
netic flux across the coil and inefficient output voltage. 
[0006] The sensor disclosed in U.S. Patent No. 
5,004,358 has a shortage that the dual structure of radi- 
ally outer and inner sections causes the structure com- 
plicated and enlarged. 

[0007] In Japanese Hatsumei Kyokai Technical Report 
No. 94-16051 , there is disclosed a speed sensing rolling 
bearing unit such as shown in FIG. 1 . 
[0008] With this unit, a flange 2 for attaching a wheel, 
is formed on an outer peripheral surface of an axially 
outer end portion (here the term "outer" means the 
widthwise outer side of the vehicle when fitted to a vehi- 
cle; the left side in FIG. 1) of a hub 1 constituting an 
inside member, and an inner ring raceway 3a and a step 
4 are formed on an outer peripheral surface of a central 
portion. Furthermore, an inner ring 5 formed with an 
inner ring raceway 3b on an outer peripheral surface 
thereof and constituting an inside member together with 
the hub 1 , is externally secured to the outer peripheral 
surface of the hub 1 with an axially outer end face 
thereof abutted against the step 4. Instead of having the 
inner ring race way 3a formed directly on the outer 
peripheral surface of the hub 1 , an inner ring (not shown 
in the figure) separate to the hub 1 may be formed, and 



this inner ring and the inner ring 5 may be externally 
secured to the hub 1 . 

[0009] A male threaded portion 6 is formed on a por- 
tion near the axially inner end of the hub 1 . The inside 

5 member is made up by securing the inner ring 5 to a 
predetermined portion on the outer peripheral surface 
of the hub 1 by means of a nut 7 which is threaded onto 
the threaded portion 6 and tightened. Furthermore, an 
outside member 8 which is located around the hub 1 , is 

10 provided on a central outer peripheral surface thereof 
with an attachment portion 9 for securing the outside 
member 8 to a suspension unit. Moreover, outer ring 
raceways 10a, 10b are formed on the inner peripheral 
surface of the outside member 8, facing the respective 

15 inner ring raceways 3a, 3b. 

[0010] Furthermore, a plurality of rolling members 1 1 
are respectively provided between the inner ring race- 
ways 3a, 3b and the outer ring raceways 10a, 10b, so 
that the inside member can rotate freely inside the out- 

20 side member 8. With the example of FIG. 1, balls are 
used for the rolling members 1 1 . However in the case of 
a rolling bearing unit for heavy vehicles, taper rollers 
may be used for the rolling members. 
[0011] A seal ring 12 is fitted between the inner 

25 peripheral surface at the axially outer end of the outside 
member 8 and the outer peripheral surface of the hub 1 
to cover the opening at the axially outer end of the 
space existing between the inner peripheral surface of 
the outside member 8 and the outer peripheral surface 

30 of the hub 1 , in which is provided the plurality of rolling 
members 1 1 . 

[0012] A base end portion of an encoder 13 (left end 
portion in FIG. 1) is externally secured to a portion on 
an axially inner end portion (inner here means the side 

35 towards the center of a vehicle when fitted to a vehicle) 
of the inner ring 5, spaced away from the inner ring 
raceway 3b. The encoder 13 is formed in an overall 
annular shape (short cylindrical shape) from a ferro- 
magnetic metal plate such as steel plate. The encoder 

40 1 3 is made up with a smaller diameter portion 1 4 and a 
larger diameter portion 15 formed concentric with each 
other and connected by a step portion 16. With the 
encoder 13, the larger diameter portion 15 is externally 
fitted to the outer peripheral surface of the end portion 

45 of the inner ring 5, and is secured to the inner ring 5 with 
the step portion 16 abutted against the end rim portion 
of the inner ring 5. Consequently, the smaller diameter 
portion 14 is supported concentric with the inner ring 5. 
Furthermore, a plurality of apertures 17 constituting 

50 rotation side cutout portions, are formed at even spac- 
ing around the circumferential direction, so that the 
magnetic characteristics around the circumferential 
direction change alternately and at even spacing. The 
respective apertures 17 are of the same rectangular 

55 shape and elongate in the axial direction (the left - right 
direction in FIG. 1). 

[0013] An opening portion at the axially inner end of 
the outside member 8 is covered with a cover 18 made 
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in a bottomed cylindrical shape by deep drawing a metal 
plate such as stainless steel plate or aluminum plate. An 
annular sensor 20 is enclosed in an annular synthetic 
resin portion 21 inside an inner peripheral surface of a 
cylindrical portion 19 of the cover 18. The sensor 20 
comprises a permanent magnet 22, a stator 23 formed 
from a ferromagnetic material such as steel plate, and a 
coil 24, and is formed in an overall annular shape by 
embedding the respective components 22, 23, 24 in the 
synthetic resin portion 21 . 

[0014] Of the respective constituent members of the 
sensor 20, the permanent magnet 22 is formed in an 
overall annular shape (ring shaped) and is magnetized 
radially The inner peripheral surface of the permanent 
magnet 22 faces the outer peripheral surface of the por- 
tions not formed with the apertures 1 7 at the base end 
portion of the smaller diameter portion 14 of the 
encoder 13, across a small gap 25. 
[0015] The stator 23 is formed in an overall annular 
shape of J-shape in cross section. An inner peripheral 
surface of an end portion of a radially outer cylindrical 
portion 26 of the stator 23 and an outer peripheral sur- 
face of the permanent magnet 22, are positioned close 
to or abutted against each other. An inner peripheral 
surface of a radially inner cylindrical portion 27 of the 
stator 23 opposes the portion formed with the plurality 
of apertures 17 at one part of the smaller diameter por- 
tion 14 of the encoder 13, across the small gap 25. 
Moreover, a plurality of cutouts 28 (fixed side cutout por- 
tions) are formed in the radially inner cylindrical portion 
27 around the circumferential direction at a pitch (cen- 
tral angle pitch) equal to that of the apertures 17. Con- 
sequently, the radially inner cylindrical portion 27 is 
formed in a comb teeth configuration. 
[0016] The coil 24 is formed in an annular shape by 
winding a conducting wire onto a bobbin 29 of a non 
magnetic material, and is located on an inner peripheral 
portion of the radially outer cylindrical portion 26 of the 
stator 23. An electromotive force induced in the coil 24 
is taken out from a connector 30 which protrudes from 
an outer surface of the cover 18. 
[0017] At the time of using the speed sensing rolling 
bearing unit constructed as described above, when the 
encoder 13 rotates together with the inner ring 5 which 
constitutes the inside member, the magnetic flux density 
in the stator 23 facing the encoder 13 changes, and the 
voltage induced in the coil 24 thus changes at a fre- 
quency proportional to the rotational speed of the hub 1 . 
The reason for the change in the voltage induced in the 
coil 24 with the change in density of the magnetic flux 
flowing in the stator 23, is the same as for the case of 
conventional well known rotational speed sensing sen- 
sors. Moreover, the reason for the change in the density 
of the magnetic flux flowing in the stator 23 with rotation 
of the encoder 13 is as follows. 
[0018] With the apertures 1 7 provided in the encoder 
13 and the cut outs 28 provided in the stator 23, since 
these have the same pitch, then with rotation of the 



encoder 13, there is an instant where these simultane- 
ously oppose each other around the whole periphery 
Furthermore, at the instant when the respective aper- 
tures 17 and the respective cutouts 28 oppose each 

5 other, then column portions (ferromagnetic bodies) 
existing between the adjacent apertures 1 7, and tongue 
portions (ferromagnetic bodies) existing between the 
adjacent cutouts 28 oppose each other across the small 
gap 25. With the column portions and the tongue por- 

10 tions (ferromagnetic bodies) opposing each other in this 
way, a high density magnetic flux flows between the 
encoder 13 and the stator 23. 

[001 9] On the other hand, if the phase of the apertures 
17 and of the cutouts 28 is displaced by one half, then 

15 the density of the magnetic flux flowing between the 
encoder 13 and the stator 23 drops. That is to say in 
this condition, the apertures 17 provided in the encoder 
13 oppose the tongue portions, and simultaneously the 
cutouts 28 provided in the stator 23 opposes the column 

20 portions. With the column portions opposing the cut 
outs 28, and the tongue portions opposing the aper- 
tures 17 in this way a relatively large air space exists 
around the whole periphery between the encoder 13 
and the stator 23. Hence, in this condition the density of 

25 the flux flowing between the two members 13 and 23 
drops. The result is that the voltage induced in the coil 
24 changes in proportion to the rotational speed of the 
hub. By using the sensor 20 as described above, then 
the output voltage induced in the coil 24 changes at a 

30 frequency proportional to the rotational speed of the 
inside member. 

[0020] With the speed sensing rolling bearing unit 
constructed and operated as described above, the mag- 
netic flux output from the end face of the permanent 

35 magnet 22 of the sensor 20 always flows in the same 
direction inside the stator 23 of the sensor 20. Only the 
magnitude of the magnetic flux density changes with 
rotation of the encoder 13, and a voltage corresponding 
to this change in the magnetic flux is induced in the coil 

40 24. Therefore it is difficult to increase the amount of 
change in the voltage (the difference between the max- 
imum and minimum amount). In particular at the time of 
low speed traveling when the speed at which the mag- 
netic flux density changes is low, the absolute value of 

45 the induced voltage, and the amount of change is small. 
[0021] In view of this situation, there has been pro- 
posed a construction where a permanent magnet is pro- 
vided on the encoder side, with south poles and north 
poles located on a portion of the permanent magnet fac- 

50 ing the sensor, alternately and at even spacing around 
the circumference. If such an encoder incorporating 
permanent magnets is used, then the magnetic flux 
flows in the stator of the sensor alternately in opposite 
directions. This is referred to as alternating magnetic 

55 flux. Consequently voltages can be induced in the coil 
fitted to the stator, in mutually opposite directions with 
rotation of the encoder, thus enabling an increase in the 
sensor output. 
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[0022] Moreover, to increase the output from the sen- 
sor, it is effective to increase the diameter of the 
detected face of the encoder which faces the sensor. 
Therefore, contrary to the construction shown in the 
FIG. 1, the encoder is located diametrically outside of 5 
the sensor so that the diameter of the inner peripheral 
surface of the encoder (detected face) is increased. Fur- 
thermore, by increasing the diameter of the encoder, the 
number of poles provided on the encoder can be 
increased which is also effective in increasing the detec- w 
tion accuracy 

[0023] FIG. 2 shows an encoder 31 which satisfies the 
above requisites, and a magnetizing apparatus 33 for 
magnetizing a permanent magnet 32 of the encoder 31 . 
The encoder 31 comprises an annular support ring 34 15 
made of metal plate, and a permanent magnet 32 which 
is supported and secured around the whole periphery of 
the support ring 34. The support ring 34 comprises a 
smaller diameter portion 35 for attachment to a rotation 
ring such as the inner ring 5 (refer to FIG. 1), a larger 20 
diameter portion 36 concentric with the smaller diame- 
ter portion 35, and a ring shaped step portion 37 con- 
necting between an end rim of the larger diameter 
portion 36 and an end rim of the smaller diameter por- 
tion 35. The permanent magnet 32 is formed in an over- 25 
all cylindrical shape and is affixed to the inner peripheral 
surface of the larger diameter portion 36 around the 
whole periphery. Furthermore, south poles and north 
poles are located on the inner peripheral surface of the 
permanent magnet 32 alternately and at even spacing 30 
around the circumferential direction. 
[0024] With the magnetizing apparatus 33 for magnet- 
izing the permanent magnet 32 in order to make the 
encoder 31, a plurality of magnetizing terminals 39 are 
located in a cylindrical formation on an end portion (left 35 
end portion in FIG. 2) of a ferromagnetic yoke 38, at the 
same pitch as the pitch of the adjacent south and north 
poles of the permanent magnet 32, and at even spacing 
around the circumference. The magnetizing terminals 
39 are provided in the same number as the total number 40 
of south poles and north poles located on the inner 
peripheral surface of the permanent magnet 32, pro- 
truding radially outward from the outer peripheral sur- 
face at the tip end of the yoke 38, with their respective 
outer peripheral surfaces elongate in the axial direction 45 
of the permanent magnet 32 (left to right direction in 
FIG. 2). Respective coils 40 are wound around the 
respective magnetizing terminals 39. On switching on 
power, the respective coils 40 radially magnetize the 
magnetic body (permanent magnet material, high coer- so 
cive force material) which is to become the permanent 
magnet 32 and which faces the outer peripheral sur- 
faces of the respective magnetizing terminals 39. 
[0025] The portion surrounding the respective mag- 
netizing terminals 39 at the tip end portion of the yoke ss 
38 is covered with a synthetic resin portion 41 , and the 
respective coils 40 are embedded within this synthetic 
resin portion 41. A location plate 42 made of a metal 



plate is secured to an end face of the synthetic resin 
portion 41. At the time of magnetizing the permanent 
magnet 32 to alternately locate the south poles and the 
north poles on the inner peripheral surface of the per- 
manent magnet 32, the location plate 42 is abutted 
against the step portion 37 of the support ring 34. In this 
condition, the respective magnetizing terminals 39 face 
the inner peripheral surface of the magnetic body (per- 
manent magnet material, high coercive force material) 
which constitutes the permanent magnet 32, along the 
full length of the magnetic body. Then in this condition, 
power to the respective coils 40 is switched on to mag- 
netize the magnetic body thereby producing a perma- 
nent magnet 32 with south poles and north poles 
formed on the inner peripheral surface alternately and 
at even spacing. 

[0026] When using the conventional magnetizing 
apparatus 33 as shown in FIG. 2 to magnetize the per- 
manent magnet 32 of the encoder 31 having the con- 
struction shown in FIG. 2, a distance L32 between the 
end rim of the permanent magnet 32 and the side face 
of the step portion 37 of the support ring 34 cannot be 
made sufficiently small. That is to say in the condition 
with the outer peripheral surfaces of the respective 
magnetizing terminals 39 of the magnetizing apparatus 
33 and the inner peripheral surface of the magnetic 
body of the permanent magnet 32 opposing each other, 
the synthetic resin portion 41 in which a portion of the 
coils 40 is embedded and the location plate 42 exist 
between the end face of the yoke 38 and the step por- 
tion 37. It is therefore not possible to avoid an increase 
in the distance L32 by this amount. 
[0027] If the distance L32 is increased, then the axial 
dimension of the encoder 31 is also increased by this 
amount, thus making it difficult to miniaturize and lighten 
a speed sensing rolling bearing unit incorporating the 
encoder 31. 

Summary of the Invention 

[0028] An object of the present invention is to provide 
a magnetizing apparatus for a compact encoder of a 
rotational speed sensing unit, and a speed sensing roll- 
ing bearing unit incorporating a compact encoder in 
consideration of this situation. 

[0029] Another object of the present invention is to 
provide a rotational speed sensing unit in which the sta- 
tor is improved in size to increase the voltage induced in 
the coil and the output in the sensor to securely obtain 
the reliability of the ABS and TCS. 

Brief Description of the Drawings 

[0030] 

FIG. 1 is a cross-sectional view showing an exam- 
ple of a conventional construction; and 
FIG. 2 is a cross-sectional view showing a conven- 
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tional encoder and magnetizing apparatus. 
FIG. 3 is a cross-sectional view of a tone wheel and 
a magnetizing apparatus, illustrating a first embodi- 
ment of the present invention; 
FIG. 4 is a perspective view of an end portion of the 5 
magnetizing apparatus, illustrating an arrangement 
of magnetizing terminals; 

FIG. 5 is an enlarged cross-sectional view of part of 
a speed sensing rolling bearing unit incorporating a 
tone wheel which has been magnetized by the 
magnetizing apparatus; 

FIG. 6 is a cross sectional view showing an exam- 
ple of the speed sensing rolling bearing unit accord- 
ing to the present invention. 
FIG. 7 is an enlarged cross sectional view of the 
right part of FIG. 6. 

FIG. 8 is a schematic view of part of the encoder in 

an example. 

FIG. 9 is a graph showing the relation between the 
width of the non-magnetized portion and the sensor 
output. 

FIG. 10 is a graph showing the relation between the 
distance between the land and recess edge por- 
tions and the sensor output. 
FIG. 11 is a view similar to FIG. 7 showing another 
example. 

FIG. 12 is a view similar to FIG. 7 showing another 
example. 

FIG. 13 is a view similar to FIG. 7 showing another 
example. 

FIG. 14 is a cross sectional view showing a sensor 
according to the present invention. 
FIG. 15 is a cross sectional view showing another 
example of the second sensing rolling bearing unit 
according to the present invention. 
FIG. 16 is an enlarged view showing the right part 
of FIG. 15. 

FIG. 17 is an enlarged view showing an example of 
the stator. 

FIG. 18 is a cross sectional view similar to FIG. 16 
showing another example. 

Detailed Description of the Invention 

[0031 ] In the magnetizing apparatus for an encoder of 
a rotational speed sensing unit according to a first 
aspect of the invention, as with the conventional con- 
struction shown in FIG. 2, (a) the encoder comprises an 
annular support ring made of metal plate, and a perma- 
nent magnet which is supported and secured around 
the whole periphery of the support ring, the support ring 
comprising a smaller diameter portion for attachment to 
a rotation ring, a larger diameter portion concentric with 
the smaller diameter portion, and a ring shaped step 
portion connecting between an end rim of the larger 
diameter portion and an end rim of the smaller diameter 
portion, the permanent magnet being of cylindrical 
shape and affixed to the inner peripheral surface of the 



larger diameter portion around the whole periphery with 
south poles and north poles located on the inner periph- 
eral surface alternately and at even spacing around the 
circumferential direction, and (b) the magnetizing appa- 
ratus comprises ferromagnetic magnetizing terminals 
located in a cylindrical formation at the same pitch as 
the pitch of the adjacent south and north poles of the 
permanent magnet, and at even spacing around the cir- 
cumference with respective outer peripheral surfaces 
thereof elongate in the axial direction of the permanent 
magnet, and of the same number as the total number of 
south poles and north poles located on the inner periph- 
eral surface of the permanent magnet, and respective 
coils wound around the respective magnetizing termi- 
nals, such that on switching on power, the respective 
coils magnetize a magnetic body (permanent magnetic 
material, high coercive force material) which is to 
become the permanent magnet and which faces the 
outer peripheral surfaces of the respective magnetizing 
terminals. 

[0032] In particular, with the magnetizing apparatus 
for an encoder of a rotational speed sensing unit, 
according to the present invention, the respective mag- 
netizing terminals have inner and outer peripheral por- 
tions such that the width of the inner peripheral portion 
is narrower than that of the outer peripheral portion. The 
outer peripheral portion faces the inner peripheral sur- 
face of the magnetic body which is to become the per- 
manent magnet, and the coils are wound around this 
inner peripheral portion. 

[0033] The speed sensing rolling bearing unit accord- 
ing to a second aspect of the invention comprises an 
outside member which does not rotate during use, hav- 
ing an outer ring raceway on an inner peripheral surface 
thereof, an inside member which rotates during use, 
having an inner ring raceway on an outer peripheral sur- 
face thereof, a plurality of rolling members provided so 
as to be freely rotatable between the outer ring raceway 
and the inner ring raceway an encoder externally 
secured to an end portion of the inside member, and a 
sensor supported on the outside member and facing the 
encoder. The encoder comprises an annular support 
ring made of metal plate, and a permanent magnet 
which is supported and secured around the whole 
periphery of the support ring, the support ring compris- 
ing a smaller diameter portion for attachment to a rota- 
tion ring, a larger diameter portion concentric with the 
smaller diameter portion, and a ring shaped step por- 
tion connecting between an end rim of the larger diam- 
eter portion and an end rim of the smaller diameter 
portion, the permanent magnet being of cylindrical 
shape and affixed to the inner peripheral surface of the 
larger diameter portion around the whole periphery with 
south poles and north poles located on the inner periph- 
eral surface alternately and at even spacing around the 
circumferential direction. 

[0034] In particular, with the speed sensing rolling 
bearing unit according to the present invention, the per- 
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manent magnet is magnetized in a portion extending 
from a distance of 7mm or less from the step portion 
and axially away from the step portion. 
[0035] With the magnetizing apparatus for an encoder 
of a rotational speed sensing unit, and a speed sensing s 
rolling bearing unit incorporating an encoder, according 
to the present invention, constructed as described 
above, the axial dimension of the encoder is reduced, 
thus enabling realization of miniaturization and lighten- 
ing of a speed sensing rolling bearing unit. io 
[0036] FIGS. 3 through 5 show on example of an 
embodiment of the present invention. The characteristic 
of the magnetizing apparatus for an encoder of a rota- 
tional speed sensing unit, and the speed sensing rolling 
bearing unit incorporating an encoder, according to the 15 
present invention, is that miniaturization and lightening 
of a speed sensing rolling bearing unit is achieved by 
shortening the axial dimension of encoders 31a, 31b fit- 
ted with a permanent magnet 32. The construction and 
operation of the rolling bearing unit portion is the same 20 
as for the conventional construction shown in FIG. 1, 
and hence figures and description related to the same 
parts as the conventional construction are omitted for 
brevity Hereunder the description is centered on the 
characteristic parts of the present invention, namely the 25 
encoders 31 a, 31 b and a magnetizing apparatus 33a for 
magnetizing the permanent magnet 32 of the encoders 
31a, 31b, as well as a sensor 20a of a rotational speed 
sensing unit which is made up by assembly of the 
encoders 31a, 31b. 30 
[0037] The encoders 31 a, 31 b comprise annular sup- 
port rings 34, 34a made of metal plate, and the perma- 
nent magnet 32 which is supported and secured around 
the whole periphery of the support rings 34, 34a. The 
support rings 34, 34a comprise smaller diameter por- 35 
tions 35, 35a for attachment to a rotation ring such as 
the inner ring 5 (FIG. 5), a larger diameter portion 36 
concentric with the smaller diameter portions 35, 35a, 
and a ring shaped step portion 37 connecting between 
an end rim of the larger diameter portion 36, and an end 40 
rim of the smaller diameter portions 35, 35a. 
[0038] The permanent magnet 32 is a so-called rub- 
ber magnet made with permanent magnetic material 
powder such as ferrite (high coercive force) contained in 
a rubber, formed in an overall cylindrical shape. Such a 45 
permanent magnet 32 is affixed to the inner peripheral 
surface of the larger diameter portion 36 around the 
whole periphery by fusing or bonding or the like. South 
poles and north poles are located on the inner periph- 
eral surface of the permanent magnet 32 alternately so 
and at even spacing around the circumferential direc- 
tion. 

[0039] An inwardly facing flange shape brim portion 
43 is formed on a central portion of the inner peripheral 
surface of the smaller diameter portion 35a of the 55 
encoder 31b as shown in FIG. 5, by bending the metal 
plate. The brim portion 43 abuts against the axially inner 
end face of the inner ring 5, with the smaller diameter 



portion 35a externally secured to the outer peripheral 
surface of the axially inner end portion of the inner ring 
5. The encoder 31 b is thus located axially with the larger 
diameter portion 36 and the inner ring 5 concentric. 
[0040] With the magnetizing apparatus 33a for mag- 
netizing the permanent magnet 32 in order to make the 
encoders 31a, 31b, a plurality of magnetizing terminals 
39a as shown in FIGS. 3 and 4, are located in a cylindri- 
cal formation on an end portion (left end portion in FIG. 
3) of a ferromagnetic yoke 38a, at the same pitch as the 
pitch of the adjacent south and north poles of the per- 
manent magnet 32, and at even spacing around the cir- 
cumference. The magnetizing terminals 39a are 
provided in the same number as the total number of 
south poles and north poles located on the inner periph- 
eral surface of the permanent magnet 32, protruding 
radially outward from the outer peripheral surface at the 
tip end portion of the yoke 38, with their respective outer 
peripheral surfaces elongate in the axial direction of the 
permanent magnet 32 (left to right direction in FIGS. 3 
through 5). 

[0041] Respective coils 40 are wound around the 

respective magnetizing terminals 39a. On switching on 
power, the respective coils 40 radially magnetise a mag- 
netic body (permanent magnet material, high coercive 
force material) which is to become the permanent mag- 
net 32 and which laces the outer peripheral surfaces of 
the respective magnetizing terminals 39a. 
[0042] In particular, with the magnetizing terminals 
39a of the magnetizing apparatus 33a of the present 
invention, the width (left and right direction in FIG. 3) of 
an inner peripheral portion is narrower than that of the 
outer peripheral portion which faces the inner peripheral 
surface of the magnetic body to be the permanent mag- 
net 32. Moreover, the respective coils 40 are wound 
around this narrower width inner peripheral portion. 
Consequently the end portions of the respective coils 
40 do not protrude toward the tip end side (left side in 
FIG. 3) from the end face (left end face in FIG. 3) of the 
magnetizing terminals 39a. As shown in FIG. 4, the 
outer peripheral portion forms the radially outer edge 
portion of the magnetizing terminals 39a. 
[0043] Insulation of the respective coils 40 is achieved 
by covering the portion surrounding the magnetizing ter- 
minals 39a at the end portion of the yoke 38a, and the 
portion extending from the central portion over the base 
end portion, with a synthetic resin portion 41a, and 
embedding the respective coils 40 in the synthetic resin 
portion 41a. A location plate 42a mode from a metal 
plate or the like, is secured to the central portion of the 
end face of the synthetic resin portion 41 a. That it to say, 
the synthetic resin portion 41a is formed in a portion 
corresponding to the end face of the magnetizing appa- 
ratus 33a with a circular recess 44. The location plate 
42a is then internally fitted into the circular recess 44, 
and secured to the yoke 38a by means of screws 45. 
The inner end faces of the synthetic resin 41a and the 
location plate 42a are located on the same plane as 
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each other. Moreover, the outer diameter of the location 
plate 42a is made larger than the inner diameter of the 
step portion 37 of the support rings 34, 34a. 
[0044] At the time of radially magnetizing the perma- 
nent magnet 32 using the magnetizing apparatus 33a 
constructed as described above to alternately locate the 
south poles and the north poles on the inner peripheral 
surface of the permanent magnet 32 around the circum- 
ferential direction, then as shown in FIG. 3, the portion 
adjacent to the outer periphery of the inner end face of 
the location plate 42a is abutted against the step portion 
37 of the support rings 34, 34a. In this condition, the 
respective magnetizing terminals 39a face the inner 
peripheral surface of the magnetic body (permanent 
magnet material, high coercive force material) which 
constitutes the permanent magnet 32, along the full 
axial length of the magnetic body. Then in this condition, 
power to the respective coils 40 is switched on to mag- 
netize the magnetic body thereby producing a perma- 
nent magnet 32 with south poles and north poles 
located on the inner peripheral surface alternately and 
at even spacing around the circumferential direction. 
[0045] In the case of the magnetizing apparatus 33a 
of the present invention, as a result of the arrangement 
for the shape of the respective magnetizing terminals 
39a, the end laces of the respective magnetizing termi- 
nals 39a can be located at a portion near the tip end 
face of the magnetizing apparatus 33a. Consequently 
with the magnetizing apparatus 33a of the present 
invention, when magnetizing the permanent magnet 32 
of the encoders 31a, 31b having the construction as 
shown in FIG. 3 and FIG, 5, a distance L32 between the 
end face of the permanent magnet 32 and the side face 
of the step portion 37 of the support rings 34, 34a can 
be made sufficiently small. 

[0046] That is to say in the condition with the outer 
peripheral surfaces of the respective magnetizing termi- 
nals 39a of the magnetizing apparatus 33a and the 
inner peripheral surface of the magnetic body of the per- 
manent magnet 32 opposing each other, only a thin por- 
tion at the outer peripheral edge portion of the synthetic 
resin portion 41 in which a portion of the coils 40 is 
embedded exists between the end face of the outer 
peripheral portion of the respective magnetizing termi- 
nals 39a and the step portion 37. Consequently the dis- 
tance L32 can be 7mm or less which was not possible 
with the magnetizing apparatus 33 (FIG. 2) of the 
beforementioned conventional construction, and hence 
the axial dimension of the encoders 31a, 31b can be 
reduced by this amount, thus enabling miniaturization 
and lightening of speed sensing rolling bearing units 
incorporating the respective encoders 31a, 31b. 
[0047] Next, while not having a direct relationship to 
the gist of the present embodiment, is a simple descrip- 
tion with reference to FIG. 5, of a construction and oper- 
ation of a sensor 20a of a rotational speed sensing unit 
incorporating the encoders 31a, 31b such as described 
above. The sensor 20a is formed in an overall annular 



shape, with a sensing portion provided on an outer 
peripheral surface facing an inner peripheral surface of 
the permanent magnet 32 of the encoder 31b across a 
small gap 25a. The sensor 20a comprises first and sec- 
5 ond stators 46, 47 respectively formed in an annular 
shape, and a coil 24a. 

[0048] Respective first and second comb tooth rim 
portions 48, 49 are formed by forming respective cut- 
outs 50 and protrusions 51 in the outer peripheral rim 

10 portions of the first and second stators 46, 47 alter- 
nately and at even spacing. The pitch (central angle 
pitch) of the cutouts 50 and the protrusions 51 which 
make up the respective first and second comb tooth rim 
portions 48, 49, is made the same as the pitch of the 

15 south poles and the north poles (a south pole and a 
north pole constituting one pitch) located on the inner 
peripheral surface of the permanent magnet 32. The 
phase of the first comb tooth rim portion 48 formed on 
the outer peripheral and portion of the first stator 46, 

20 and the phase of the second comb tooth rim portion 49 
formed on the outer peripheral end portion of the sec- 
ond stator 47, are displaced by half of the pitch of the 
cutouts 50 and the protrusions 51 . 
[0049] Consequently at the instant when all of the 

25 protrusions 51 of the first comb tooth rim portion 48 face 
the south poles provided on the inner peripheral surface 
of the permanent magnet 32, all of the protrusions 51 of 
the second comb tooth rim portion 49 face the north 
poles. Moreover, at the instant when the encoder 31b 

30 has rotated half of the pitch of the cutouts 50 and the 
protrusions 51 from this condition, then all of the protru- 
sions 51 of the first comb tooth rim portion 48 face the 
north poles provided on the inner peripheral surface of 
the permanent magnet 32, and all of the protrusions 51 

35 of the second comb tooth rim portion 49 face the south 
poles. 

[0050] The inner peripheral end portions of the first 
and second stators 46, 47 are made magnetically con- 
ductive by externally fitting with an interference fit, the 

40 tip end portion of a second cylindrical portion 53 formed 
on the inner peripheral portion of the second stator 47 to 
a first cylindrical portion 52 formed on the inner periph- 
eral portion of the first stator 46. Consequently an alter- 
nating magnetic flux flows in the first and second stators 

45 46, 47 with rotation of the encoder 31b. 

[0051] Moreover, the coil 24a is formed by winding a 
conducting wire or lead onto a bobbin 29a having an 
open outer peripheral side. Recess and land engage- 
ment portions are provided between the bobbin 29a and 

50 the first and second stators 46, 47, thereby keeping the 
phase of the first and second stators 46, 47 in the 
abovementioned condition by means of the bobbin 29a. 
An alternating voltage corresponding to the abovemen- 
tioned alternating magnetic flux is induced in the coil 

55 24a with conducting wire wound on the bobbin 29a. 
[0052] The sensor 20a made up from the first and sec- 
ond stators 46, 47 and the coil 24a, is embedded in a 
synthetic resin constituting a cover 54 covering the 



7 



13 



EP0 942 186 A2 



14 



opening portion at the axially inner end of the outside 
member 8. A sleeve 55 formed from a metal plate in an 
overall annular shape of L-shape in cross section, is 
supported on a portion of the cover 54. When covering 
the opening portion at the axially inner end of the out- 5 
side member 8, the sleeve 55 is internally secured to 
the opening portion at the axially inner end of the out- 
side member 8. In this condition, the sensor 20a faces 
the inner peripheral surface of the permanent magnet 
32 of the encoder 31b around the whole periphery 
across a small gap 25a. A connector 30a is formed inte- 
grally with the cover 54 on the inside face of a portion of 
the cover 54, for taking out the alternating voltage 
induced in the coil 24a. This alternating voltage is sent 
to a controller as a signal representing the rotational 
speed of the hub 1 , and is used for controlling an ABS 
or a TCS. 

[0053] Due to the above described construction and 
operation of the present embodiment, the overall length 
of a speed sensing rolling bearing unit can be short- 
ened, thus enabling miniaturization and lightening of 
speed sensing rolling bearing units. As a result, installa- 
tion in a confined space become possible, thus increas- 
ing the degree of freedom in designing automobiles. 
[0054] FIGS. 6 and 7 show another embodiment of the 
present invention which is applied to a rolling bearing 
unit to support a non-driven wheel such as front wheel 
of FR vehicle, and rear wheel of FF vehicle. 
[0055] There is a stationary ring 106 which has an 
inner peripheral surface defining a stationary peripheral 
surface, on which outer ring raceways 107 are formed in 
two rows each defining a stationary raceway The sta- 
tionary ring 106 has a flange 108 on its outer peripheral 
surnface which is supported by a suspension appara- 
tus. 

[0056] There is a rotatable ring 109 disposed on the 
inside of the stationary ring 106. The rotatable ring 109 
has an outer peripheral surface, that is a rotatable 
peripheral surface, on which rotatable raceways or inner 
ring raceways 110 are formed. The inner ring raceways 
1 10 are opposed to the outer ring raceways 107. 
[0057] A plurality of rolling members 1 1 2 are provided 
between the inner ring raceways 110 and the outer ring 
raceways 1 07, and supported by cages 1 1 1 , so that the 
rotatable ring 109 is rotatably supported within the sta- 
tionary ring 106. 

[0058] In the embodiment shown, balls are used for 
the rolling members 112, but tapered rollers can be 
used for the rolling members in the rolling bearing unit 
for heavy vehicles. 

[0059] The rotatable ring 109 is formed with a flange 
1 13 on its peripheral surface at an axially outer portion 
which is projected from the opening of the stationary 
ring 106, so that a wheel is fixed to the rotatable ring 
1 09 through the flange 1 1 3. 

[0060] A seal ring 1 14 is mounted to the axially outer 
end of the rotatable ring 109, which is the outer end in 
the width direction when installed in the vehicle and the 



left end in FIG. 6, between the outer peripheral surface 
of the rotatable ring 109 and the inner peripheral sur- 
face of the stationary ring 106, so that the seal ring 114 
seals the axially outer opening of the space 137 where 
the rolling members 1 12 are placed. 
[0061] The rotatable ring 109 comprises a hub 115 
and an inner ring 116 fitted onto the outer peripheral 
surface of the hub 115 at its axially inner end portion. 
The hub 1 1 5 is formed with a male thread portion 1 1 7 at 
its axially inner end portion, on which a nut 118 is 
threaded with the inner ring 1 16 fitted onto the hub 115, 
so that the inner ring 116 is secured to the hub 115, 
thereby forming the rotatable ring 109. 
[0062] An encoder 1 1 9 is fitted on the outer peripheral 
surface of the axially inner end portion of the rotatable 
ring 109. The term "axially inner" means the central side 
in the width direction when installed in the vehicle, the 
right side in FIG. 6. The encoder 1 19 is generally annu- 
lar in shape, and comprised of a cylindrical support ring 
120 which is made of a metal plate by way of pressing 
and a permanent magnet 121 securely supported by 
part of the support ring 120. 

[0063] The support ring 1 20 is comprised of a cylindri- 
cal portion 122 and a circular ring portion 123 which is 
extended radially inward from the axially outer end (left 
end in FIGS. 6 and 7) of the cylindrical portion 122. 
[0064] The circular ring portion 1 23 has a radially mid 
portion on the axially outer side face (left side face in 
FIGS. 6 and 7) of which a cylindrical fitting portion 124 
is formed by folding 1 80 degrees part of the metal plate. 
[0065] The cylindrical fitting portion 124 is concentric 
with the cylindrical portion 122, and has an inner diam- 
eter which is in the free state slightly smaller than the 
outer diameter of the axially inner end portion of the 
inner ring 116. Accordingly, the support ring 120 is 
secured to the axially inner end portion of the rotatable 
ring 109 with the cylindrical fitting portion 124, fitted 
onto the axially inner end portion of the inner ring 116 
through interference fitting. Thus, the cylindrical portion 
122 of the support ring 120 is concentric with the rotat- 
able ring 109 in the fixed condition. 
[0066] A permanent magnet 121 is mounted to the 
inner peripheral surface of the cylindrical portion 122 in 
the support ring 120. As shown FIG. 8, S-poles (south 
poles) and N-poles (north poles) are arranged with a 
uniform pitch alternately in a circumferential direction on 
the inner peripheral surface of the permanent magnet 
121 . The permanent magnet 121 is secured to the sup- 
port ring 120 e.g. with adhesive, magnetic suction force, 
and so on. 

[0067] The support ring 1 20 is made of a carbon steal 
such as SPCC, and the permanent magnet 121 is made 
of a rubber magnet and fixed to the inner peripheral sur- 
face of the cylindrical portion 122 by way of thermal sei- 
zure or bonding, whereby the encoder 1 1 9 can be easily 
made with sufficient connecting strength between the 
support ring 120 and the permanent magnet 121 . 
[0068] As shown in FIG. 8, non-magnetized sections 
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137 are disposed between the S-poles and the N-poles 
which are arranged in a circumferential direction on part 
of the permanent magnet 121 . 
[0069] The width size W137 of the non-magnetized 
sections 137 is 0.1 to 0.2 times the pitch P of the S- and s 
N-poles. That is, W137 = from 0.1 P to 0.2P 
[0070] The S- and N-poles have the same magnetized 
width, Ws and Wn. That is Wq = - The control of 
W137 equal to 0.1 to 0.2 times the pitch P of the S- and 
N-poles is provided to increase the amount of magnetic 
flux flowing through the stator 128 of the sensor 126 
detailed later, thereby increasing the output of the sen- 
sor 126. 

[0071] Specifically, by providing the non-magnetized 
sections 137 between the circumferentially alternately 
arranged S- and N-poles in the permanent magnet 121 , 
the direct flow between the circumferentially adjacent N- 
and S-poles can be controlled smaller in amount. 
[0072] When the width size W137 of the non-magnet- 
ized sections 1 37 is smaller than 0. 1 times the pitch P of 
the S- and N- poles, the amount of magnetic flux directly 
flowing from the N-pole to the S-pole arranged circum- 
ferentially adjacent to each other could not be made 
smaller sufficiently, and therefore it is impossible to suf- 
ficiently increase the amount of magnetic flux through 
the stator 128 and to sufficiently increase the output of 
sensor 126. On the contrary, the width size W137 of the 
non-magnetized sections 137 is larger than 0.2 times 
the pitch P of the S- and N-poles, the magnetized sec- 
tions of the permanent magnet 1 21 is decreased by that 
amount, that is the magnetized widths Ws, Wn are 
smaller, then the magnetic flux through the stator 128 is 
decreased in amount, and the output of the sensor 126 
could not be made sufficiently larger. 
[0073] The present inventors measured the effects of 
the width size W137 of the non-magnetized section 137 
to the output of the sensor 126 with the width size W137 
variously changed with reference to the pitch P of the S- 
and N-poles and obtained the results as shown in FIG. 
9, wherein the abscissa indicates the ratio of the width 
size W137 to the pitch P, and the ordinate does the ratio 
of peak value to peak value (hereinafter, referred to as 
p-p value) of the output voltage of the sensor 126. 
[0074] The ratio of p-p value of the output voltage is a 
relative value which indicates the amount of the differ- 
ence (p-p value) between the maximum and the mini- 
mum of the output value of the sensor 126 which is 
varied as the encoder 119 rotates, wherein provided 
that the p-p value in the specimen which has the largest 
difference in p-p value is 1 , the p-p values of the other 
specimens are shown by the ratio to the largest p-p 
value. 

[0075] As shown in FIG. 9, if the ratio of the width size 
W137 to the pitch R that is W137/P, is controlled within 
the range of 0.1 to 0.2, the ratio of p-p value in the out- 
put voltage can be 0.9 or higher. 
[0076] A bottomed cylindrical cover 1 25 is provided on 
the stationary ring 106, specif ically the axially outer end 



portion with the opening of the cover 125 is securely fit- 
ted onto the axially inner end portion with opening ( right 
end opening section in FIG. 6) of the stationary ring 106 
so as to cover the opening at the axially inner end of the 
stationary ring 106. The cover 125 is made of a metal 
plate such as stainless steel or carbon steel by way of 
plastic working such as deep drawing. 
[0077] An annular synthetic rising block 1 27 with the 
sensor 126 retained in it is securely supported within 
the cover 125. 

[0078] The sensor 126 is comprised of a stator 128 
made of a ferromagnetic metal plate such as carbon 
steel and having a channel shape in cross section, and 
a coil 130 comprising an annular bobbin 129 of non- 
magnetic material such as the synthetic resin with con- 
ductor winding around the bobbin 129. 
[0079] The stator 128 is a combination of a pair of 
disc-shaped plates 131a, 131b, each formed with gear 
tooth shape around the outer periphery thereof, with a 
cylindrical connector member 132. Specifically, formed 
around the outer periphery of the disc-shaped plates 
131a, 131b are cutouts 133a, 133b which are arranged 
with a uniform space in a circumferential direction. Cir- 
cumferentially adjacent cutouts 133a or 133b define a 
projection therebetween so as to form the land and 
recess edge sections 134a, 134b in an outer gear tooth 
shape along the outer periphery of the disc-shaped 
plates 131a, 131b. 

[0080] The pitch (central angle pitch) of the cutouts 
133a, 133b of the land and recess edge sections 134a, 
134b is equal to the pitch of the S- and N-poles on the 
inner peripheral surface of the permanent magnet 121 . 
[0081 ] The phase of the land and recess edge section 
134a on the outer periphery of the disc-shaped plate 
131a is displaced from that of the land and recess edge 
section 134b on the outer periphery of the disc-shaped 
plate 1 31 b by an amount equal to half of the pitch of the 
cutouts 133a, 133b. 

[0082] Accordingly at the moment when the projec- 
tions of the land and recess edge 134a are faced to the 
S-poles, the projections of the land and recess edge 
134b are faced to the N-poles and vice versa. 
[0083] Both of the axially (left and right directions in 
FIGS. 6 and 7) and edges of the connecting member 
132 are abutted to the radially inward portions of the 
disc-shaped plates 131a, 131b opposing to each other. 
Accordingly the disc-shaped plates 131a, 131b are 
magnetically connected to each other through the con- 
necting member 132. 

[0084] In order to control the phase of the land and 
recess edges 134a, 134b, a land and recess engage- 
ment portion can be provided in the abutment portion 
between the axially opposed end edges of the connect- 
ing member 132 and the disc-shaped plates 131a, 131b 
to control the phase with reference to the circumferential 
direction of the connecting member 132 and the disc- 
shaped plates 131a, 131b. 

[0085] The land and recess edge portion 1 34a around 
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the disc-shaped plate 131a of the stator 128 is radially 
opposed to the inner peripheral surface of the perma- 
nent magnet 121 of the encoder 1 19 with a small clear- 
ance 135a between them, and the land and recess 
edge portion 134b around the disc-shaped plate 131b 
of the stator 128 is radially opposed to the inner periph- 
eral surface of the permanent magnet 121 of the 
encoder 119 with a small clearance 135b between 
them. 

[0086] The coil 1 30 is placed in a portion which is sur- 
rounded by the stator 128 on three sides except for the 
outer periphery side, and comprised of a bobbin 129 
which is made of a synthetic resin and formed in a circu- 
lar ring shape with a channel shape cross section, 
where the radially outer side is open, and a conductor 
winding around the bobbin 129. The coil 130 is nested 
within the stator 128, specifically surrounded on the 
three sides by the disc-shaped plates 131a, 131b and 
the connecting member 132. 

[0087] Incidentally the land and recess engagement 
portion to control the phase of the land and recess edge 
portion 134a, 134b can be provided between the disc- 
shaped plates 131a, 131b and the bobbin 129. 
[0088] The minimum distance between a pair of land 
and recess edge portion 134a, 134b formed on the sta- 
tor 128 on the opposite end edge portions of the con- 
necting member 132 is form 3 mm to 9 mm. In the 
embodiment as shown, the land and recess edge por- 
tions 134a, 134b are parallel to each other, and there- 
fore the minimum distance is equal to the distance D-13-1 
between the pair of disc-shaped plates 131a and 131b. 
[0089] Accordingly the distance D131 is controlled to 
be from 3 mm to 9 mm. This results in an increased 
amount of magnetic flux through the stator 128, and in 
an increased output of the sensor 126. If the distance 
Di3i is less than 3 mm, the amount of the magnetic flux 
directly flowing between the pair of land and recess 
edge portions 134a, 134b is larger while the amount of 
the magnetic flux flowing through the stator 128 across 
the coil 130 is smaller. On the contrary if the distance 
Di3i is larger than 9 mm, the length of the closed loop 
for flowing the magnetic flux, including the permanent 
magnet 121 and the stator 128, is longer. As a result, 
the leaked magnetic flux from the closed loop to the 
ambient is larger in amount, and then the amount of the 
magnetic flux flowing through the stator 128 across the 
coil 130 is smaller. 

[0090] The present inventors measured the voltage 
induced in the coil 130 with distance D131 changed and 
obtained the results as shown in FIG. 10, where the 
abscissa indicates the distance D131 between the pair 
of disc-shaped plates 131a and 131b, and the ordinate 
does the ratio in p-p value of the output voltage of the 
sensor 126. From FIG. 10, it is clear that when the dis- 
tance Di3i is controlled within the range of 3 mm to 9 
mm , the ratio in p-p value of the output voltage can be 
0.95 or higher. 

[0091] The distance D123 in Fig. 6 between the circu- 



lar ring portion 123 of the support ring 120 of the 
encoder 119 and the disc-shaped plate 131b opposed 
to the circular ring portion 123 is desirably limited to the 
range of 2 mm to 4 mm. This is because, without 

5 increasing the size of the speed sensing rolling bearing 
unit, the amount of the magnetic flux leakage from the 
disc-shaped plate 1 3 1 a to the circular ring portion 1 23 is 
kept smaller so as to secure the amount of magnetic 
flux flowing through the stator 128 across the coil 130. 

10 [0092] If the distance D123 is less than 2 mm, the 
amount of magnetic flux leakage from the disc-shaped 
plate 131b to the circular ring portion 123 is increased, 
while the amount of magnetic flux through the stator 1 28 
across the coil 130 is decreased and the output of the 

15 sensor 126 is decreased. On the other hand, if the dis- 
tance D-123 is sore than 4 mm, the speed sensing rolling 
bearing unit is enlarged in size while the more output 
increase in the sensor 126 can not be achieved. 
[0093] The thickness of the magnetic metal plate of 

20 the disc-shaped plates 131a, 131b is desirably from 
about 1 .2 mm to about 2.5 mm. This is to secure the 
opposing area between the tip lace of the projections of 
the land and recess edge portions 134a, 134b and the 
inner peripheral surface of the permanent magnet 121, 

25 so as to secure the amount of the magnetic flux flowing 
between the disc-shaped plates 131a, 131b and the 
permanent magnet 121. If the thickness is less than 1 .2 
mm in size, the amount of magnetic flux could not he 
secured, and therefore it is difficult to secure the output 

30 of the sensor 126. On the contrary, the thickness in 
larger than 2.5 mm in size, it is difficult to provide the 
sensor 126 with a size suitable to be installed in the lim- 
ited space, and to have the minimum distance D131 
equal to or larger than 3 mm. 

35 [0094] Thus, the sensor 126 is embedded in the syn- 
thetic resin block 127 and supported in a nested state in 
the cover 125. The operation for supporting the sensor 
126 with the synthetic resin block 127 in the covet 125 is 
carried out by injecting a synthetic resin in a cavity of 

40 injection mold where the cover 1 25 and sensor 1 26 are 
set. 

[0095] There is a synthetic resin portion for a connec- 
tor 136 provided in the cover 125 to take out the voltage 
induced in the coil 130, that is the output signal of the 

45 sensor 126, and this synthetic resin portion is con- 
nected to the synthetic resin block 127 containing the 
sensor 126 embedded therein, through a through-hole 
formed in part of the cover 125. 
[0096] As the rotatable ring 109 with a vehicle wheel 

50 fixed thereto is rotated in the bearing unit with rotating 
speed sensor in the present invention, the magnetic 
poles (S- and N-poles) opposed to the projections of the 
land and recess edge portions 134a, 134b around the 
outer peripheries of the pair of disc-shaped plates 131a, 

55 131b are alternately changed in position, specifically 
reversed in magnetic poles with reference to the projec- 
tions of the land and recess edge portions 134a, 134b. 
[0097] Specifically at one moment, all of the projec- 
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tions of the land and recess edge portion 134a around 
the outer periphery of the disc-shaped plate 131a are 
faced to the S-poles, while all of the projections of the 
land and recess edge portion 134b around the outer 
periphery of the disc-shaped plate 1 3 1 b are faced to the 5 
N-poles. At this moment, a magnetic flux flows through 
the stator 128 from the outer periphery of the disc- 
shaped plate 131b to the outer periphery of the disc- 
shaped plate 131a. 

[0098] Then, at the next moment, all of the projections 10 
of the land and recess edge, portion 134a around the 
outer periphery of the disc-shaped plate 131a are faced 
to the N-poles, while all of the projections of the land 
and recess edge portion 134b around the outer periph- 
ery of the disc-shaped plate 131b are faced to the S- is 
poles. At this moment, a magnetic flux flows through the 
stator 128 from the outer periphery of the disc-shaped 
plate 131a to the outer periphery of the disc-shaped 
plate 131b. 

[0099] Accordingly alternating magnetic flux flows 20 
through the stator 128 as the rotatable ring 109 rotates. 
Therefore, the magnetic flux is not saturated in the sta- 
tor 128. 

[01 00] Corresponding to the alternating magnetic flux 
in the stator 128, electromotive force is induced in the 25 
coil 130. 

[0101] As the direction in which the magnetic flux 
flows is reversed between the moment when all of the 
projections of the land and recess edge portion 134a 
around the disc-shaped plate 131a are faced to the S- 30 
poles, and the moment when all of the projections of the 
land and recess edge portion 134a are faced to the N- 
poles, electromotive force is produced alternately in 
opposite directions. Consequently the difference 
between the maximum and the minimum in voltage is 35 
sufficiently large, thus increasing the precision in detect- 
ing the rotating speed. 

[0102] In FIG. 1 1, a second example of the present 
embodiment is shown, where the structure of the stator 
1 28a of the sensor 1 26a is different from that of the first 40 
example. 

[01 03] In the present example, the stator 1 28a is con- 
structed by a combination of the first and second stator 

elements 138, 139 each formed by bending a magnetic 
metal plate such as SPCC with a thickness of about 1 45 
mm. 

[01 04] The first stator element 1 38 is provided on the 
side of the disc-shaped portion 123 of the support ring 
120 of the encoder 119 and has a substantially crank 
shape in cross section, so that a flange portion 140 so 
extends radially inward at the radially inner end and a 
first cylindrical portion 141 extends axially inwardly 
(right side in FIG. 1 1) at the radially outer end. 
[0105] The second stator element 139 on the side of 
the cover 125 is formed in a L-shape in cross section, ss 
and forms a second cylindrical portion 142 extends axi- 
ally outwardly (left side in FIG. 1 1) at the radially outer 
end. 



[01 06] A plurality of cutouts 1 33a, 1 33b are formed in 
a circumferential direction with a uniform interval around 
the outer periphery of the first and second stator ele- 
ments 138, 139. This is similar to the first example. The 
circumferentially adjacent cutouts 133a (or 133b) define 
projections between them, so that land and recess edge 
portions 134a, 134b are formed in an outer gear tooth 
shape around the outer periphery 
[0107] The pitch (center angle pitch) of the cutouts 
133a, 133b of the land and recess edge portions 134a, 
134b is equal to that of the S- and N-poles provided on 
the inner peripheral surface of the permanent magnet 
121. 

[01 08] The phase of the land and recess edge portion 
134a around the outer periphery of the second stator 
element 139 is displaced by half of the pitch of the cut- 
outs 133a, 133b from the phase of the land and recess 
edge portion 134b around the outer periphery of the 
second stator element 139. Accordingly at the moment 
when all of the projections of the land and recess edge 
portion 134a are faced to the S-poles (N-poles), all of 
the projections of the land and recess edge portion 
134b are faced to the N-poles (S-poles). 
[0109] In the present example, an engagement por- 
tion is provided between the first and second stators 
1 38, 1 39, or between the bobbin 1 29 of the coil 1 30 and 
the first and second stator elements 138, 139 so as to 
control the circumferential phase and to control the 
phase of the land and recess edge portions 1 34a, 1 34b. 
The engagement may be formed in a land and recess 
shape. 

[0110] The inner peripheral portions of the first and 
second stators 138, 139 are magnetically connected to 
each other, by way of abutment between the axially 
inner face of the flange portion 140 formed on the radi- 
ally inner end of the first stator element 138 and the axi- 
ally outer face of the second stator element 139. The 
width size of the abutment portion, that is the radial 
width size W140 of the flange portion 140 is controlled in 
the range of 2 mm to 4 mm, so that the magnetic reluc- 
tance in the abutment portion between the first and sec- 
ond stators 138, 139 is made small. If the width size 
Wi4o is less than 2 mm, the magnetic reluctance in the 
abutment portion is increased, and it is difficult to make 
the output of the sensor 126a sufficiently large. On the 
contrary if the width size W140 is larger than 4 mm, not 
only the effect of further increase in output can not be 
substantially obtained, but also the radial size of the sta- 
tor 128a is larger with no effect, resulting in a large size 
of the speed sensing rotating speed sensor. 
[0111] In this example, a non-magnetized section is 
provided between the S-poles and the N-poles which 
are arranged adjacent to each other in a circumferential 
direction on the inner peripheral surface of the perma- 
nent magnet 121 of the encoder 1 19, and the non-mag- 
netized section has a width size 0.1 to 0.2 times the 
pitch of the S- and N-poles, and the minimum distance 
D between the pair of the land and recess edge portions 



11 



21 



EP0 942 186 A2 



22 



is from 3 mm to 9 mm. 

[01 12] In this example where the first and second sta- 
tor elements 138, 139 of the stator 128a are made of a 
relatively thin (about 1 mm) of magnetic metal plate 
(SPCC), first and second cylindrical portions 141, 142 
are formed on the outer periphery of the stators 138, 
139, so that the opposing area is securely obtained 
between the projections of the land and recess edge 
portions 134a, 134b and the inner peripheral surface of 
the permanent magnet 121. Accordingly, the minimum 
distance D between the pair of the land and recess 
edge portions 134a, 134b is equal to the distance 
between the tip ends of the first and second cylindrical 
portions 141, 142 in this embodiment. 
[01 1 3] The distance D123 between the first stator ele- 
ment 1 38 and the disc-shape portion 1 23 of the support 
ring 120 of the encoder 1 19 is adjusted in the range of 2 
mm to 4 mm due to the same reason as mentioned in 
the first example. 

[0114] In this example, due to the land and recess 
edge portions and the non-magnetized section as men- 
tioned above, the amount of the magnetic flux through 
the stator 128a can be sufficiently large, so as to 
increase the electromotive force induced by the coil 
130, and therefore the output of the sensor 126a. 
[0115] FIG. 12 shows a third example of the present 
embodiment, where the connecting structure between 
the first and second stator elements 138a, 139a of the 
stator 128b of the sensor 126b is different from that of 
the second example. 

[0116] In this example, the first stator element 138a 
has a substantially J shape in cross section, and the 
second stator element 139a has a long channel shape 
in cross section. 

[0117] The second stator element 139a has a short 
cylindrical portion 143 formed in the inner peripheral 
edge portion, and this short cylindrical portion 143 is fit- 
ted into the axially inner end portion of the first stator 
element 138a so that the contact area between the first 
and second stator elements 138a, 139a is secured, and 
that the magnetic reluctance between the first and sec- 
ond stator elements 138a, 139a is made small. 
[01 1 8] The other constructions and operation are sub- 
stantially the same as those of second example. 
[01 19] FIG. 1 3 shows a fourth example of the present 
embodiment, where the permanent magnet 121a of the 
encoder 1 19a is opposed to the sensor 126c in a thrust 
direction. 

[0120] Accordingly the support ring 120a of the 
encoder 1 19a has a L-shape in cross section, and the 
permanent magnet 121a is provided adjacent the axi- 
ally inner face of the disc-shape portion 1 23a of the sup- 
port ring 120a. 

[0121] The sensor 126c embedded in the synthetic 
resin and supported by the cover 125 is comprised of 
the stator 128c in a channel shape in cross section 
opened toward the permanent magnet 121a and the coil 
130a supported by the stator 128c. 



[01 22] The stator 1 28c has a radially outer cylindrical 
portion 144 and a radially inner cylindrical portion 145, 
which are arranged concentrically with an annular con- 
necting portion 146 therebetween. 

5 [01 23] Cutouts 1 33a, 1 33b are formed on the tip end 
edge of the radially outer and inner cylindrical portions 
144 and 145, and land and recess edge portions 134a, 
134b are provided on the tip end edge portion of the 
radially outer and inner cylindrical portions 1 44 and 1 45. 

10 [01 24] The shortest distance L between the land and 
recess edge portions 134a, 134b is equal to half of the 
distance between the inner diameter of the radially 
outer cylindrical portion 144 and the outer diameter of 
the radially inner cylindrical portion 145, and controlled 

15 in the range of 3 mm to 9 mm. 

[0125] The construction parts in the present example 
are changed corresponding to the change in direction 
between the permanent magnet 121a of the encoder 
1 19a and the sensor 126c, but the other structures are 

20 substantially the same of the preceding examples. 
[0126] Incidentally, in the examples, the sensor is dis- 
posed on the radially inside or on one axial side of the 
encoder, but the sensor can be disposed on the radially 
outside of the encoder. This is determined in design for 

25 the arrangement of sensor and encoder corresponding 
to the rolling bearing unit to which the rotating speed 
sensing device. 

[0127] FIG. 14 shows another embodiment of the 
present invention, where the sensor 206 is comprise of 

30 first and second stator elements 207, 208 in combina- 
tion which are made of carbon steel and formed gener- 
ally in an annular shape by press forming. 
[0128] The first stator element 207 has a cylindrical 
portion 209 and a circular ring portion 210 bent radially 

35 outward (upward in FIG. 14) at one axially end edge of 
the cylindrical portion 209, in a L-shape in cross section. 
[0129] The second stator element 208 is formed with 
a short cylindrical portion 21 1 on the inner peripheral 
edge portion (lower end in FIG. 14). The outer periph- 

40 eral edge portions (upper edge portions in FIG. 14) of 
the first and second stator elements 207, 208 are bent 
at right angles to come closer mutually. The first and 
second stator elements 207, 208 have an outer periph- 
eral portion containing these bent portions to be formed 

45 with the comb tooth shaped edge portions 205a, 205b. 
[0130] The first stator element 207 and the second 
stator element 208 are combined with each other by fit- 
ting an axial second end of the cylindrical portion 209 of 
the first stator element 207 onto the short cylindrical 

50 portion 21 1 of the second stator element 208 so as to 
form the stator 202a. In this combination, a coil 212 is 
mounted to a portion surrounded on three sides by the 
stator elements 207, 208. In addition, the phase of the 
comb tooth shaped edge portions 205a, 205b is dis- 

55 placed by one half of the pitch from the projections 
203a, 203b and the cutouts 204a, 204b of the comb 
tooth edge portions 205a, 205b. 
[0131] In the speed sensing rolling bearing unit 
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assembled, the sensor 206 is opposed to the inner 
peripheral surface of the cylindrical permanent magnet 
213 of the encoder 201a with a small clearance 214 
therebetween. S-poles and N-poles are circumferen- 
tially alternately arranged with a uniform pitch on the 5 
inner peripheral surface of the permanent magnet 213. 
Accordingly, as the encoder 201a rotates, an alternating 
magnetic flux flows, through the stator 202a, resulting in 
an alternating electric current through the coil 212. 
[0132] In this structure, the cost of the speed sensing 
roller bearing unit with the stator 202a can be reduced. 
However, there are some improvements required to 
realize a compact sensor with large output as follows. 
[0133] Specifically in the structure of FIG. 14, the 
short cylindrical portion 211 of the second stator ele- 
ment 208 projects radially inward than the inner periph- 
eral surface of the cylindrical portion 209 of the first 
stator element 207. The sensor 206 containing the first 
stator element 207 and the second stator element 208 
is often disposed for example around the nut 215 fixed 
to part of the rotatable ring. 

[0134] In the structure of FIG. 14, when the short 
cylindrical portion 21 1 is positioned to prevent interfer- 
ence between the sensor 206 and the nut 215 etc., the 
inner diameters of the cylindrical portion 209 and of the 
coil 212 around the cylindrical portion 209 are enlarged. 
As the inner diameter of the coil 212 is enlarged, the 
cross section of the coil 212 is reduced, and the mem- 
ber of windings of the conductive wire of the coil 212 is 
reduced, so that it is required to further secure the out- 
put of the sensor, that is the voltage induced in the coil 
212. 

[0135] In other words, the inside portions of the cylin- 
drical portion 209, as shown by cross hatching in FIG. 
14, must be more efficiently utilized. 
[0136] FIGS. 15 and 17 show another embodiment of 
the present invention which is applied to a rolling bear- 
ing unit to support a non-driven wheel such as front 
wheel of FR vehicle, and rear wheel of FF vehicle. 
[0137] There is a stationary ring 216 which has an 
inner peripheral surface defining a stationary peripheral 
surface, on which outer ring raceways 217 are formed in 
two rows each defining a stationary raceway The sta- 
tionary ring 216 has a flange 218 on its outer peripheral 
surface which is supported by a suspension apparatus. 
[0138] There is a rotatable ring 219 disposed on the 
inside of the stationary ring 216. The rotatable ring 219 
has an outer peripheral surface, that is a rotatable 
peripheral surface, on which rotatable raceways or inner 
ring raceways 220 are formed. The inner ring raceways 
220 are opposed to the outer ring raceways 217. 
[0139] A plurality of rolling members 222 are provided 
between the inner ring raceways 220 and the outer ring 
raceways 217, and supported by cages 221 , so that the 
rotatable ring 219 is rotatably supported within the sta- 
tionary ring 216. 

[0140] In the embodiment shown, balls are used for 
the rolling members 222, but tapered rollers can be 



used for the rolling members in the rolling bearing unit 
for heavy vehicles. 

[0141] The rotatable ring 219 is formed with a flange 
(not shown) on its peripheral surface at an axially outer 
portion which is projected from the opening of the sta- 
tionary ring 216, so that a wheel is fixed to the rotatable 
ring 219 through the flange. 

[0142] A seal ring (not shown) is mounted to the axi- 
ally outer end of the rotatable ring 219 between the 
outer peripheral surface of the rotatable ring 219 and 
the inner peripheral surface of the stationary ring 216, 
so that the seal ring seals the axially outer opening of 
the space 223 where the rolling members 222 are 
placed. 

[0143] The rotatable ring 219 comprises a hub 224 
and an inner ring 225 fitted onto the outer peripheral 
surface of the hub 224 at its axially inner end portion. 
The hub 224 is formed with a male thread portion 226 at 
its axially inner end portion, on which a nut 215 is 
threaded with the inner ring 225 fitted onto the hub 224, 
so that the inner ring 225 is secured to the hub 224, 
thereby forming the rotatable ring 219. 
[0144] An encoder 201a is fitted on the outer periph- 
eral surface of the axially inner end portion of the rotat- 
able ring 219. The term "axially inner" means the central 
side in the width direction when installed in the vehicle, 
the right side in FIG. 14. The encoder 201a is generally 
annular in shape, and comprised of a cylindrical support 
ring 227 which is made of a metal plate by way of press- 
ing and a permanent magnet 21 3 securely supported by 
part of the support ring 227. 

[0145] The support ring 227 is comprised of a cylindri- 
cal portion 228 and a circular ring portion 229 which is 
extended radially inward from the axially outer end (left 
end in FIGS. 15 and 16) of the cylindrical portion 228. 
[0146] The circular ring portion 228 has a radially mid 
portion on the axially outer side face (left side face in 
FIGS. 15 and 16) of which a cylindrical fitting portion 
230 is formed by folding 180 degrees the metal plate. 
[0147] The cylindrical fitting portion 230 is concentric 
with the cylindrical portion 228, and has an inner diam- 
eter which is in the free state slightly smaller than the 
outer diameter of the axially inner end portion of the 
inner ring 225. Accordingly, the support ring 227 is 
secured to the axially inner end portion of the rotatable 
ring 219 with the cylindrical fitting portion 230 fitted onto 
the axially inner end portion of the inner ring 225 
through interference fitting. Thus, the cylindrical portion 
228 of the support ring 227 is concentric with the rotat- 
able ring 219 in the fixed condition. 
[0148] A permanent magnet 213 is mounted to the 
inner peripheral surface of the cylindrical portion 228 in 
the support ring 227. S-poles (south poles) and N-poles 
(north poles) are arranged with a uniform pitch alter- 
nately in a circumferential direction on the inner periph- 
eral surface of the permanent magnet 213. 
[0149] The support ring 227 is made of a carbon steal 
such as SPCC, and the permanent magnet 213 is made 
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of a rubber magnet and fixed to the inner peripheral sur- 
face of the cylindrical portion 228 by way of thermal sei- 
zure or bonding, whereby the encoder 201a can be 
easily made with sufficient connecting strength between 
the support ring 227 and the permanent magnet 213. 5 
[0150] The permanent magnet 213 can be a rubber 
magnet to make the thickness size of the permanent 
magnet 213 small and to make the inner diameter of the 
permanent magnet 213 large. If the permanent magnet 
213 is a plastic magnet, it is difficult to make the thick- 
ness size small, and then the inner diameter of the per- 
manent magnet 213 is small. 

[01 51 ] The plastic magnet 21 3 is made by dispersing 
powders of ferromagnetic material such as ferrite in syn- 
thetic resin, and when the plastic magnet is mounted in 
the cylindrical portion 228 of the support ring 227 
through molding, differences in thermal expansion 
between the synthetic resin and the carbon steel plate 
causes to produce a stress in a compression direction in 
the plastic magnet during temperature increase, and to 
produce stress in a tension direction during temperature 
decrease. In order to prevent any failure such as crack 
in the plastic permanent magnet 213 from being pro- 
duced, it is necessary that the thickness T213 of the per- 
manent magnet 213 in equal to or larger than 0.1 times 
of the inner radius R228 of the cylindrical portion 228 
(T213 ^ R228/10)- However, since the thickness T213 of 
the permanent magnet 213 is large while the inner 
diameter of the permanent magnet 213 is small, the 
sensor 206a detailed later is urged to have a small outer 
diameter and therefore it is difficult to secure sufficiently 
the output of the sensor 206a. 
[0152] Since a rubber magnet is produced by dispers- 
ing powders of ferromagnetic material in rubber, the 
permanent magnet made of the rubber magnet can 
reduce a thickness T213 to a sufficiently small one than 
0.1 times the inner radius R228 of the cylindrical portion 
228 (T213 « R228^''0) while the inner diameter of the 
permanent magnet 213 can be large. Since the rubber 
magnet has a larger elasticity than the plastic magnet, 
that is larger tolerance in contraction and expansion, no 
large stress occurs in the rubber magnet when sub- 
jected differences in thermal expansion due to tempera- 
ture change. 

[0153] Therefore, sufficiently long endurance is 
secured with the small inner diameter R228- 
[0154] For example, in the rolling bearing unit with 
rotating speed sensor generally for use in automobiles, 
the thickness T213 of the permanent magnet can be pro- 
vided in the range from 0.5 mm to 1 mm. Consequently, 
the outer diameter of the sensor 206a detailed later can 
be large, and it is easy to secure the output of the sen- 
sor 206a. 

[0155] Disposed on the axially inner end with opening 
(right end opening in FIG. 15) of the stationary ring 216 
is a bottomed cylindrical cover 231 which is made from 
synthetic resin through injection molding with its axially 
outer end with opening fitted into the axially inner end 



with opening of the stationary ring 216, so that the axi- 
ally inner end opening of the stationary ring 216 is 
closed. 

[01 56] Embedded in the axially outer end with opening 

of the cover 231 is a sleeve 232 which is made of stain- 
less steel etc. and formed in a generally annular shape 
with L-shaped cross section. The sleeve 232 is fitted 
into the axially inner end with opening of the stationary 
ring 216 with interference fitting. Disposed on the fitting 
portion between the stationary ring 216 and the cover 
231 is an 0-ring 236 to provide the fitting portion with 
water-tight sealing. 

[0157] An annular sensor 206a is embedded in the 
synthetic resin block of the cover 231 . 
[01 58] The sensor 206a is comprised of first and sec- 
ond stator elements 207a, 208a and a coil 212. The first 
and second stator elements 207a, 208a are made of 
magnetic material such as carbon steel in an annular 
shape and provided in series with reference to the direc- 
tion of magnetic flux flow. 

[0159] The conductive wire of the coil 212 is wound 
around a bobbin 233 which is made of non-magnetic 
material such as synthetic resin and in a generally 
annular shape with a channel shape cross section with 
the radially outer side open. 

[01 60] The both ends of the conductive wire are taken 
out of the bobbin 233 through a take-out portion 237 

which is integrally formed with the bobbin 233 on part of 
its inner side surface, and then connected to the termi- 
nals 239 of the connector 238 which is integrally formed 
on the cover 231. 

[0161] The first stator element 207a is made of the 
magnetic metal plate by press-forming to form a L- 
shaped cross section so as to comprise a cylindrical 
portion 209 and a circular ring portion 210 bent from the 
axially outer end edge (left end edge in FIGS. 15 to 20) 
of the cylindrical portion 209. 

[0162] The axial length L209 of the cylindrical portion 
209 is less than 0.25 times the inner diameter D209 of 
the cylindrical portion 209 (L209 = D209/4). 
[01 63] This is because burring process, a less expen- 
sive process in pressing, is applied to form the first sta- 
tor element 207a. 

[0164] If the requirement of L209 = D209/4 's satisfied, 
the burring process with a short process time or cycle 
can be conducted to form the first stator element 207a 
with no failure such as crack produced therein. 
[01 65] If the axial length L209 of the cylindrical portion 
209 is longer than 0.25 times the inner diameter D209 
(L209 > D209/4), deep drawing process with a long proc- 
ess cycle is required to prevent failures from occurring. 
[0166] Accordingly it is desirable for lower cost that 
the axial length L209 of the cylindrical portion 209 is up 
to 0.25 times the inner diameter D209 of the cylindrical 
portion 209. 

[0167] The second stator element 208a is formed by 
pressing the magnetic metal plate to comprise a circular 
ring portion 234 and a short cylindrical portion 235 bent 
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at right angles inwardly (right in FIGS. 15 to 18) from the 
inner peripheral edge portion of the circular ring portion 
234, having a L-shape in cross section. 
[0168] The short cylindrical portion 235 is fitted onto 
the axially inner end of the cylindrical portion 209 of the s 
first stator element 207a with an interference fit or clear- 
ance fit, so that the first and second stator elements 
207a, 208a are combined in a magnetically connected 
relation. 

[0169] Part of the cylindrical portion 209 of the first 
stator element 207a and part of the second stator ele- 
ment 208a are formed with cutouts 240a, 240b, respec- 
tively. 

[0170] The cutouts 240a, 240b have a role to prevent 
interference with the take-out portion 237 formed on the 
inner side surface of the bobbin 233. 
[0171] The cutouts 240a, 240b are aligned to each 
other in the combination of the first and second stator 
elements 207a, 208a. 

[0172] The circular ring portion 210 of the first stator 
element 207a and the circular ring portion 234 of the 
second stator element 208a are formed with combtooth- 
shaped edge portions 205A, 205B at the radially outer 
edge portions, such that projections 203A, 204B and 
cutouts 204A, 204B are alternately arranged in the cir- 
cumferential direction. 

[0173] The pitch of the projections 203A, 203B and 
cutouts 204A, 204B of the combtooth -shaped edge por- 
tions 205A, 205B is equal to the pitch (central angle 
pitch) of the S- and N-poles of the permanent magnet 
213 of the encoder 201a. 

[0174] The combtooth-shaped edge portions 205A, 
205B are opposed to the permanent magnet 213 of the 
encoder 201a with a radial small clearance 214 
between them. 

[0175] Because of the combtooth-shaped edge por- 
tion 205A on the radially outer edge portion of the first 
stator element 207a and the combtooth-shaped edge 
portion 205B on the radially outer edge portion of the 
second stator element 208a, the phase of the cutouts 
204A, 204B are displaced from that of the projections 
203A, 203B by half of the pitch of the S- and N-poles of 
the encoder 201a. 

[0176] Accordingly, at the moment when the S- or N- 
poles are faced to the projections 203A of the comb- 
tooth-shaped edge portion 205A on the first stator ele- 
ment 207a, the N- or S-poles are faced to the 
projections 203B of the combtooth-shaped edge portion 
205B in the outer peripheral edge portion of the second 
stator element 208a. 

[0177] In the examples in shown have, land and 
recess engagement portions are formed between the 
first and second stator elements 207a, 208a and the 
bobbin 233, so as to control the phase of the comb- 
tooth-shaped edge portions 205A, 205B on the radially 
outer edge portions of the first and second stator ele- 
ments 207a, 208a. Specifically with the engagement of 
the take-out portion 237 with the cutouts 240b, the 



phase of the bobbin 233 with the second stator element 
208a is controlled. In addition, with the engagement 
between the hole 241 pierced on the circular ring por- 
tion 210 of the first stator element 207a and the projec- 
tion 242 formed on the outer side surface of the bobbin 
233, the phase of the bobbin 233 with the first stator ele- 
ment 207a is controlled. 

[01 78] The sensor 206a is embedded in the synthetic 
resin block of the cover 231 , and fixedly supported in the 
interior of the axially inner end portion with opening of 
the stationary ring 216 in a concentric relation with the 
stationary ring 216. 

[0179] The operation where the sensor 206a is 
embedded in the synthetic resin block of the cover 231 
for supporting is conducted by injection-molding in the 
injection mold cavity in which the sensor 206a is set. 
[0180] In the rolling bearing unit with rotating speed 
sensor in the present embodiment, as the rotatable ring 
219 with the wheel fixed to it rotates, the magnetic poles 
(S- and N-poles), faced to the projections 203A, 203B of 
the combtoothed-shaped edge portions 205A, 205B on 
the radially outer edge portions of the first and second 
stator elements 207a, 208a in the opposite sides of the 
stator, are alternately changed. In addition, the mutually 
opposite magnetic poles are faced to the projections 
203A, 203B of the combtooth-shaped edge portions 
205A, 205B. 

[0181] Specifically, at a moment, all of the projections 
203A of the combtooth-shaped edge portion 205A in 
the radially outer edge portion of the first stator element 
207a are opposed to the S-poles, while all of the projec- 
tions 203B of the combtootn -shaped edge portion 205B 
in the radially outer edge portion of the second stator 
element 208a are opposed to the N-poles. At this 
moment, the magnetic flux flows in the first and second 
stator elements 207a, 208a from the radially outer edge 
portion of the second stator element 208a to the radially 
outer edge portion of the first stator element 207a. 
[01 82] At the next moment, all of the projections 203 A 
of the comb-shaped end edge portion 205A in the radi- 
ally outer edge portion of the first stator element 207a 
are opposed to the N-poles, while all of the projections 
203B of the combtooth-shaped edge portion 205B in 
the radially outer edge portion of the second stator ele- 
ment 208a are opposed to the S-poles. At this moment, 
the magnetic flux flows in the first and second stator ele- 
ments 207a, 208a from the radially outer edge portion 
of the first stator element 207a to the radially outer edge 
portion of the second stator element 208a. 
[0183] Accordingly an alternating magnetic flux flows 
on the first and second stator elements 207a, 208a as 
the rotating ring 219 rotates, so that a large change in 
magnetic flux is obtained with a small flow of magnetic 
flux, and the magnetic flux is hardly saturated in the first 
and second stator elements 207a, 208a. 
[0184] An electro motive force is induced in the coils 
212 corresponding to the alternating magnetic flux in 
the first and second stator elements 207a, 208a, specif- 
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ically alternately in opposite directions, corresponding 
to the opposite directions of the magnetic flux flow, for 
example, from the moment when all of the projections 
203A of the combtooth-shaped edge portion 205A on 
the radially outer edge portion of the first stator element 5 
207a are opposed to the S-poles, to the moment when 
all of the projections 203A of the combtooth-shaped 
edge portions 205A are opposed to the N-poles. 
Accordingly the difference between the maximum value 
and the minimum value of the voltage is sufficiently 10 
large to improve the projection in the detection of the 
rotating speed. 

[0185] The rolling bearing unit with rotating speed 
sensor in this embodiment can be produced with an 
inexpensive cost by press-forming a magnetic metal is 
plate such as carbon steel to form the first and second 
stator elements 207a, 208a of the stator of the sensor 
206a. 

[0186] Different from the example in FIG. 14, in the 
present embodiment, the stator has no portion project- 20 
ing radially inward from the inner peripheral surface of 
the cylindrical portion 209 of the first stator 207a. In 
other words, the inner peripheral surface is formed in a 
simple cylindrical shape. Accordingly, the inner diame- 
ters of the cylindrical portion 209 and of the bobbin 233 25 
of the coil 212 provided around the cylindrical portion 
209 can be smaller. Consequently the cross section of 
the coil 21 2 can be made as large as possible in the lim- 
ited shape, thus realizing a compact rolling bearing unit 
with rotating speed sensor with high-performance. 30 
[0187] The structure of this embodiment can be 
enlarged in the axial size than the structure in FIG. 14 
by the amount of the axial length of the short cylindrical 
portion 235. However, in the axial direction, there is a 
margin in the space compared with the radial direction, 35 
and this causes substantially no limitation in design in 
the rolling bearing unit with rotating speed sensor. 
[0188] FIG. 18 shows a second example of the 
present embodiment, where the shape of the second 
stator element 208b of the sensor 206b is different from 40 
that of the first example. Specifically the second stator 
element 208b of this example does not have the short 
cylindrical portion 235 as shown in FIGS. 15 to 17, 
instead has a simple circular ring shape. Accordingly 
the axial length of the stator 206b can be shortened 45 
than that of the first example. The other structures and 
operations are substantially the same as those of the 
first example. 

[0189] In the examples in the present embodiment, 
the combtooth-shaped edge portions 205A, 205B on so 
the outer periphery of the first and second stator ele- 
ments 207a, 208a, 208b has a linear cross section. 
However, it is possible to bend at right angles the outer 
periphery of the stator elements 207a, 208a, 208b so 
that the combtooth edge portion is formed in the bent ss 
portion as in the structure of FIG. 14. In this structure, 
there is an advantage that the opposing area between 
the combtooth-shaped edge portion and the inner 



peripheral surface of the permanent magnet of the 
encoder is enlarged to increase the amount of magnetic 
flux flowing through the first and second stators and to 
make the sensor output large. 

Claims 

1 . A rolling bearing unit integral with sensor compris- 
ing: 

a stationary outside ring member having an 
end and an inner peripheral surface formed 
with an outer raceway 

a rotatable inside ring member having an end 
and an outer peripheral surface formed with an 
inner raceway 

a sensor support member fixedly secured to 
the end of the outside ring member, 
an encoder comprising a support ring and a 
permanent magnet, 

the support ring formed in a crank shape in 
cross section to have a smaller diameter cylin- 
drical portion and a larger diameter cylindrical 
portion, the smaller diameter cylindrical portion 
being externally fixed to the end of the inner 
ring member, and the larger diameter cylindri- 
cal portion having an inner peripheral surface 
to which the permanent magnet is mounted, 
and the permanent magnet having N-poles and 
S-poles alternately magnetized in a circumfer- 
ential direction, and 

a rotational speed sensor supported by the 
sensor support member to detect change in 
magnetic flux density as the encoder rotates. 

2. The rolling bearing unit of claim 1 wherein the per- 
manent magnet is formed in a ring shape. 

3. The rolling bearing unit of claim 1 or 2 wherein the 
permanent magnet is secured around the whole 
periphery of the support ring. 

4. The rolling bearing unit of claim 3 wherein the per- 
manent magnet is fused to the support ring. 

5. The rolling bearing unit of any preceding claim 
wherein the permanent magnet comprises particles 
of a permanent magnetic material embedded in a 
rubber compound. 

6. The rolling bearing unit of any preceding claim 
wherein the support ring comprises a ring shaped 
step portion connecting the smaller and larger 
diameter cylindrical portions. 

7. The rolling bearing unit of any preceding claim 
wherein the support ring comprises an inwardly fac- 
ing flange shape brim portion on the inner periph- 
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eral suiiace of the smaller diameter cylindrical 
portion. 

8. The rolling bearing unit of claims 6 or 7 wherein the 
distance between the inner face of the permanent 
magnet and the step portion of the support ring is 
less than 7mm. 
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BASIC-ABSTRACT : 

NOVELTY - The rolling bearing unit integral with 
sensor includes a stationary outside ring member 
having an end and an inner peripheral surface 
formed with an outer raceway, a rotatable inside 
ring member having an end and an outer peripheral 
surface formed with an inner raceway, and a sensor 
support member fixedly secured to the end of the 
outside ring member. A rotational speed sensor is 
supported by the sensor support member and detects 
changes in magnetic flux density as an encoder 
rotates . 

DESCRIPTION - The encoder comprises a support ring 
and a permanent magnet, the support ring formed in 
a crank shape in cross section to have a smaller 
diameter cylindrical portion and a larger diameter 
cylindrical portion . The smaller diameter 
cylindrical portion being externally fixed to the 
end of the inner ring member, and the larger 
diameter cylindrical portion having an inner 
peripheral surface to which the permanent magnet 
is mounted. The permanent magnet has N-poles and S- 
poles alternately magnetized in a circumferential 
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USE - Sensing rotation speed of vehicle wheels 
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control an ABS or traction control system (TCS) . 

ADVANTAGE - Improved size of s tat or to increase 
voltage induced on coil and the output in the 
sensor to securely obtain the reliability of the 
ABS and TCS. 

DESCRIPTION OF DRAWING (S) - The drawing shows a 
cross-section view of a tone wheel and magnetizing 
apparatus . 

Encoders (31a) 

Magnetizing apparatus (33a) 

Permanent magnet (32) 

Magnetizing terminals (39a) 

Magnetizing coils (40) 

CHOSEN-DRAWING : Dwg .3/18 

TITLE-TERMS: ROLL BEARING UNIT SUPPORT VEHICLE 

WHEEL SUSPENSION CONTROL TRACTION 
SYSTEM 

DERWENT-CLASS: Q62 SO 2 V02 X22 
EPI-CODES: S02-G01B1; V02-D; X22-X06A; 
SECONDARY-ACC-NO : 

Non-CP I Secondary Accession Niimbers: 1999-3 92566 



file:///CI/Documents%20and%20Settings/mcharles/My%20...9202_2()08-08-14_EP_942186_A2_M (3 of 4)8/14/2008 7:35:11 PM 



DERWENT-ACC-NO: 1999-529702 



file:///CI/Documents%20and%20Settings/mcharles/My%20...9202_2()08-08-14_EP_942186_A2_M (4 of 4)8/14/2008 7:35:11 PM 



